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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

TESTS AT MACH NUMBER 1.62 OF A SERIES OF
MISSILE CONFIGURATIONS HAVING TANDEM
CRUCIFORM LIFTING SURFACES

By Carl E. Grigsby

SUMMARY

An investigation at & Mach number of 1.62 was made in the Langley
9-inch supersonic. tunnel of a series of missile configurations having
tandem 1ifting surfaces of low aspect ratio and of nearly equal span.
Some of the varisbles investigated were interdigitation angle, wing and
tall plan form, and longitudinal location of wing with respect to tail.
All configurations were tested through an- angle-of-attack range from
-5° to 15° at roll angles of 0° and 45°. Lift, drag, and pitching-
moment data ere presented, together with center-of-pressure locations
and tail-lift efficiency factors. -

INTRODUCTION

As pert of a missile development program, an investigation has
been made in the lengley 9-inch supersonic tumnel of a number of mis-
sile configurations. Breaskdown tests were made on a total of ten con-
flgurations comprising combinations of five wings and six tails at 0°
and 45° angle of roll. For each configuration, tests were made with
two longitudinal wing locations relative to the tail and with wings in
line and interdigitated U5° with respect to the tail. In order to
expedite release of these data, no analyses of results are presented
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maximum cross-sectional area of bhédy
maximum body diameter
radius

distance from nose of body . i B . c

angle of attack _ '; _

angle of roll of model relative to angle-of-attack plamne,
positive when model, viewed from rear, is rotated clockwise
(¢ = 0° when opposite tail panels are in angle-of-attack
plane) . .

angle between a plane through opposite tail panels and & pldne
through opposite wing panels, positive when wings are rotated
clockwise with respect to tells, when the model is viewed
from rear. The angle 6 1is always less than 900, and its
value gppears as the superscript for W in the complete-
model-configuration designations. '

stagnation temperature . : -
stagnation pressure

Mach number : Ca .

gtream density

velocity
2
dynamic pressure <p_¥2/’__)
Reynolds number ) s —— L nEE s

1ift coefficient <£§§E) - . _

drag coefficient ( -D-;%E-)

pitching-moment coefficient (Moment about ;gnter of gravity )
q

.---r—uv.-..ﬁ.. Eﬂ -

1i|;.
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c.p. center of pressure; distance measured in body diameters from
center of gravity unless otherwise specified

g tail-1ift efficiency factor

B configuration of body

BT configuraetion of body and bails

BW' configuration of body and w;ngs

BWT configuration of body, wings, and tails

Subscripts:

1,2,...6 refers to a-particular wing or tail plen form {see figs. 1
and 2)

F wing in forward location

min minimum

R wing in rear location

a slope of coefficient curve referred to angle of attack

Superscripts:

Numerical superscript for W gives value of 6. (See definition of 8.)

APPARATUS AND MODELS

The Langley 9-inch supersonic tunnel is a closed-return, direct-
drive type in which the pressure and humidity are contrclled. The test
Msch number is varied by mesns of interchangeable nozzle blocks forming
test sections approximately 9 inches square. Eleven fine-mesh turbulence-

damping screens are provided in the settling chamber shead of the nozzles.

During the tests the amount of water vapor in the tunnel air was kept
at sufficiently low values so that the effects of condemsation in the
supersonic nozzle were negligible.

A drawing of the models showing the relative locations of the wings

and taeils is presented in figure 1. A detalled drawing of the wings and
tails is given in figure 2, and the principal dimensions and areas are
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given in table I. It should be noted thatfthe Wy “and T, surfaces
differ from the Wy and Tp surfaces only in the thickness ratio and
leading-edge bevel. e e L e s e

The sting and sting-windshield arrangement used in these tests is
shown in figure 3. At each angle of attack, the model, sting, and sting
windshield were translated across the tunnel so that a fixed point on L
the model could be kKept on the center line of the tunnel. By use of =
this arrangement, configurations which at 0° angle of attack were free
from shock reflections could be tested through the whole angle range
of +15°, Throughout the tests the gap between the rear of the model
and the mo>vable windshield was maintained st less than 0.010 inch.

\II W

TEST METHODS

Measurements of 1ift, drag, and pitching moment were made by means _
of external self-balancing mechanical scales through an angle-of-attack _,
range of -5° to 150. An optical system employing g small mirror mounted _ »
in the rear of the body was used to measure angles of attack. Messure-
ments were made of the pressure in the sting-shield-and-balance enclosing
box, which tests have shown to be equal to the model base pressure, and
the drag results were corrected to the condition of base pressure equal
to stream pressure. ’

The test conditions were as follows:

O Y <~
To,oF........,..........'....._.......100_______
T S T
Q, IB/8G Bt v vt e i e e e e e e e s e s e e e e e e e ... . 890

‘ R, PP iBCh . 4 & 4+ 4 ¢ « o o 4 o o o o o s o o o o o« o 0, 3h8 x 106
PRECISION OF DATA

The precision of the data has been evaluated by estimating the
uncertainties in the balance measurements involved in a given quantity
and combining these errors by a method based on the theory of least
squares. IR
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A summery teble of precision estimates follows:

Tift coefficient, O, =« « v o o o o o o o o o o o o o o o« o o o 00,0024
Drag coefficient, Cp .+ « ¢ « « & « e-e & o & o o o o « « « o . ¥0.0033

Pitching-moment coefficlent, Cp o « « « + « « o o o o o » « « o *0.035
Angle of attack, @ « « o « « o o o o ¢ o o 4 o 4 o 4 o o . . . T0.01°
Mach number, M . + & & « & o &+ o s o o « o o ¢« o o« o s « « « . *0.01

The precision of the calculated guantities - center-of-pressure location
and tail efficiency - which were obtained from faired curves varies with
each configuration and with angle of attack. Because these quantities
are obtained by division, the errors would be largest in the low-angle-
of-attack range. The errors are not as great at 0° angle of attack,
however, because slope values were used in the computations. Thus, the
greatest doubt exists in the shape of the curves between 0° and 4O angle
of attack.

PRESENTATION OF DATA

The basic 1ift, drag, and pitching-moment data are presented in
figures 4 to 20. The pitching-moment coefficients are referenced to
the center-of-gravity location shown in figure 1. As an aid in locating
the figures, they are listed in table II in order of presentation. The
1ift and pitching-moment slopes at 0° angle of attack, together with
the minimum drag coefficients for all configurations, are summarized in
table ITII. Although the dsta are presented without analysis, they have
been reduced to show the variation of center-of-pressure location and

tail-1ift efficiency factor. These results are shown in figures 21 to 31.

The tail-1ift efficiency factor n4 was obtailned from the lift results
as follows:

_ Cigyr - Cigy’
Clgr - Cig

Nt
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The center-of-pressure characteristics of the incremental wing lift are )

presented in figure 32, The location of the center of pressure of the
1ift due to =dding the wing is obtalned from the relastion

c.p. = mW " T
T Crgy - Cip

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va, '



TABLE I.~ MCDEL DIMENSIORS

L

Aren

L.E. | T.E. | Total | Root Tip | Thickness (sq 1n.) Agpect retio
Plan form eweep | sweep | spen chord | chord (% root 59 4.
(deg) | (deg) | (in.) | (1n.) | (4n.) chord) Total | Exposed | Totel | Exposed
W, and T, 0 0 2.00 1.00 | 1.00 6 2.00 1.30 2.00 1.30
Wy, snd T, 0 0 2.00 | 1.00 | 1.00 3 2.00 | 1.30 2.00 | 1.30
i V3 0 0 2.00 | 1.50 | 1.50 2 3.00 | 1.95 1.33 .87
*Tg - - 2.00 .52 .52 6 ———— _——— ——— ——
Tg 0 0 2.83 .62 62 5 1.75 | 1.32 .57 | 3.4
W), and T 0 -57 | 2.00 | 1.00 |0 3 -—-- .65 ---- | 2.60
W5 and Ty 57 0 2.00 1.00 0 3 ———— .65 — 2._60

*Ts 1s a strut-supported ring of é.OO-inch diameter and 0.52-1nch chord.

Fuselage ordinates:

= Hx "'l X 2
Stationpto 3,125 s « 4 v s .. o xr =100 655 \6.25)]

Station 3.125 to 9.000 . . . . .

+ « Constant dlameter of 0.700

(Bee detail on fig. 2.)

~ R

GILTCI W VOV
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<
TABIE II.- INDEX OF FIGURES _
Figure Iegend =
1 Detall of models.
2 Detall of wings and tails. - -
3 Model installation in tunnel.
b Lift, drag, and pitching-moment characteristics of body alone.
5 Lift, drag, and pitching-moment characteristics of model
combinations of B and T. _
6 Lift, drag, and pitching-moment characteristics of model
combinations of B and W;. '
T Lift, drag, and pitching-moment characteristics of model
combinations of B and Wo. :
8 Lift, drag, and pitching-moment characteristics of model
combinations of B 'and Wg3.
9 Lift, drag, and pitching-moment chsracteristics of model
combinations of B and W). o ;
10 Lift, drag, and pitching-moment char‘acteristics of model
combinations of B. and  Ws. ! ' T
11 Lift, drag, and pltching-moment characteristics of model
combinations of B, W;, and Tj.: ' :
12 Lift, draeg, and pitching-moment characteristics of model
combinations of B, Wp, and Tp. '
13 Lift, dreg, and piltching-moment cha.zf_!_a,cterisfbiégs of model
combinations of B, W3, and Tp. ~
1k Lift, drag, and pitching-moment characteristics of model
comblnations of B, Wy, and Ty. '
i5 Lift, drag, end pitching-moment chaié.cteristic_s of model
‘combinations of B, W5, and = Tj. - T
16 Lift, drag, and pltching-moment bhai-é.éteriétigs of model
_ combinations of B, Ws, and Ts.— '
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TABIE II.- INDEX OF FIGURES - Continued

Figure legend

17 Lift, drag, and pitching-moment characteristics of model
combinetions of By Wp, and Tg3.

18 Lift, drag, and pitching-moment characteristics of model
combinations of B, W3, and T3. -

19 Lift, drag, and pitching-moment characteristics of model
combinations of B, Wo, and Tg.

20 Lift, drag, and pitching-moment characteristics of model
combinations of B, W3, and Tg. :

21 Center-of-pressure characteristics and body-wing-teil inter-
ference factors for configurations having W; and Tj.

22 Center-of-pressure characteristics and body-wing-tall inter-
ference factors for configurations having W, and To.

23 Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations having W3 and To.

2k Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations having W) and T}.

25 Center-of-pressure characteristice and body-wing-tail inter-
ference factors for configurations having W5 and Ty.

26 Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations having W5 and T5.

27 Center-of-pressure charsascteristics and body-wing-taill inter-
ference factors for configurations having W, and Tg3.

28 Center-of-pressure characteristics and body-wing-tall inter-
ference factors for configurations having W3 and T3.

29 Center-of-pressure characteristics and body-wing-tail inter-
ference factors for configurations having Wp and Tg.

30 Center-of-pressure characteristics and body-wing-tail inter-

ference factors for configurations having W3 and Tg.
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TABIE II.~- INDEX OF FIGURES - Concluded "
Figure Iegend
31 Center-of-pressure characteristics of the body and BT
configurations. .
32 Center- of-pressure characteristics of the incremerrtal wing -
1y, mBW - Cmp S Lo
S Bt - O
' Igw ~ Clp .-
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TABLE ITT.- SUMMARY OF RESULTS

Configuration (CL“)L——)O ®Duin (Cma')L—"’O
B=0°|g=L5C@g=00{¢=050}¢=00]pg =145
B 0.0410 | -=-=-- 0.087 | ==--- 0.170 | -=-==-
BT, 0.2610| 0.2515 | 0.397 | 0.397 | -1.082| -1.060
BTp 2425 | 2425 .200 .200 | -1.007 | -1.007
' BT3 .3530| .3530 475 A75 | -1.843 | -1.843
BT 1623 | .1623 .178 178 | -.523 | -.523
BTs5 L1485 | 1485 | .1ko .1%0 | -.kg90 | -.L63
BT 2640 | .2650 .290 .328 | -1.173 | -1.173
BWqF 0.2625 | 0.2560 | 0.458 | 0.458 0.415| 0.438
BWiR .2650 | .2650 445 5 | -.058 | -.038
BWop .2590 | .2590 | .270 .270 k29 | k20
BWoR L2660 | .2660 .270 .258 -.069 | -.054
BW3p .2955 | - .2965 | .300 .289 511 511
BW3g .2890 | .2890 .272 .262 -.025 | -.0k4l
BWyp 1535 | .1535 .248 .248 .309 .323
BWLR .1535| .1535 226 .226 .062 .07h
BWsp - | .1590| .1575 .210 .210 .265 .253
BWsg .1580 | .1545 | .195 195 | o o
BW1 0T 0.3240 | 0.3240 | 0.605 | 0.605 | 0.058 | 0.095
BW1ROTy .3225 | .3205 | .600 .600 | -.430 | -.36k
Bilp T, 4125 | k125 | 600 600 | -.439 | -.k51
BW g *5T; 185 | L4185 | .595 595 | -.962 | -.925
BWopOT, | 0.3110 | 0.3110 |0.372 | 0.380 | 0.059 | 0.179
BWorOTo 3100 | .3000 | .370 .370 | -.339 | -.305
Bl op T .ho10 | .ko1o | .375 | .375 | -.382 | -.382
B o5 0T .kogo | .Logo | .360 .360 | -.905 | -.905
BW3F0T2 0.3080 | 0.3080 |0.400 | 0.400 | 0.395 | 0.395
BW3rOT, .3080 | .3080 | .385 .385 | -.123 | -.123°
BW 37T, 4200 | .b2oo | .397 | .397 | -.235 | -.235
Bw3Rh5T2 4300 | .4300 | .380 .380 | -.813 | -.813
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IIT.- SUMMARY OF RESULTS - Concluded

Configuration (CI“‘) L—0 CDmin (Cma) L—0

¢, = 00 ¢ = )-|.5O ¢ = 00 ¢ = 1}50 ¢ = OO ¢ = }.}50
ﬁthOTu 0.2210 | 0.2140 | 0.330 0.330 | -0.030 | -0.030
By Or), 2220 | .21k0 | .310 310 | -.275| -.257
BuypoTy, - | .2505| .2505 | .328 .328 | -.252| -.229
BWR 0T, 2495 | .2495 | .310 | .315 | -.483| -.483
BWspOT), .2305 [ 0.2255 |0.295 | 0.280 | -0.110 | -0.086
BWsg 0Ty, 22h5 | L22k5 | 275 275 | -.375| -.357
BWsp*oT), 2610 | .2610 | .293 .293 | -.303| ~-.303
Bi=g *T), 2590 | .2590 | .275 | .215 | -.555| -.555
By OT5 .2050 { 0.2020 |0.260° | 0.260 | -0.037 | -0.030
BWeROTs .2045 | .2005 | .250 245 | -.339 | -.28
BWspoTs | .oboo | .24oo | .268 268 | -.262 | -.2u6
Biiag *OT5 .2385 | .2385 | .260 243 | -.529 | -.hok
BW2F°T3 .k015 | 0.4015 [0.655 | 0.655 [ -0.538 |-0.538
BWzg T3 A115 | Lh115 | .633 .633 | -1.101 |-1.101
BWop *OT3 Ahos | Jhlies | L652 652 | -.759 | -.786
BiW g *9T3 4520 | L4520 7 | L6koO 640 | -1.308 |-1.289
BW 3507 5 .4135 |0.4135 [0.680 | 0.680 | -0.250 {-0.274
Bigp T3 4205 | k205 | .662 .662 | -.886 | -.886

h
BW3p T3 b0 | LMhT0 | 675 675 | -.533 | -.521
Bi3R o4 4715 | L4715 | 668 7| 668 | -1.181 |-1.181
Buop T 4450 [0.4450 [0.458 | 0.458 | -0.658 |-0.658
BWzg 5T Uko | kb0 | b5 A5 | 21,157 | -1.157
BW3F DT 4615 [0.4615 [0.485 | 0.485 | -0.542 |-0.521
B3R J1, 4780 | Jkmho | k68 468 | -1.111 [-1.111
W
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2.00

T — fecr i |
C.g. locartion r——- ear w
R 7 ! ?r-mﬁﬁw T
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|
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BWOT; and BWCT,

==

[ & G i A !
294 | 20
/ — _
— — — — + —
]
]
_____ 1 ‘ -
Y 3175 0
c.q. location BWz T _ |
for at models Fo== l__m
| P 200 |
e | 700 Diam. 1 __ _
| |
]
b _2 1]
50— 0 |
l BW2 T3 I
TR
_
| - F -
| .
I L
BWzOT3

w1 e e e B 5
| — I A

BWo 15 .

Figure 1.- Detail of models.
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Wy and Tj Wp and To
S —313,-'03 [_~2_6_i 0%
w}: ——.=ir
l__l 50— Section A-A 2y Section B-B |

T
LT
L o]
—L 3
I
G
f

F— l

e

ey 4 b )

09

I
Wgq, W5, T4, and Ts T

Figure 2.- Detail of wings and tails.
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Figure 3.- Model installstion in tummel.
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Figure 4.- Lift, drag, and pitching-moment characteristics of body alone.
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Figure 5.- Continued.
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Figure 27.- Continued,
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Figure 23.- Center-of-pressure characteristice and body-wing-tail
interference factors for configurations having W3 and T3.
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Figure 29.- Center-of-pressure characteristics and body-wing-tail
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Figure 31.-~ Center-of-pressure characteristics of the body
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